To present a review of cross-sectional and longitudinal studies that investigate the relationship between the hormones Dehydroepiandrosterone (DHEA) and Dehydroepiandrosterone sulfate (DHEA-S) and cognition. Methods: The cognition items included in this review were global cognitive function, memory, attention, executive function, intelligence, perception and visuospatial ability. A systematic review was proceeded using three databases: PubMed, ISI Web of Science, and PsycINFO. Results: Two thousand fifty five references about cognition and hormones were found; 772 duplicated references were excluded, resulting in 1.283 references to be evaluated. According to exclusion and inclusion criteria, 25 references were selected. A positive correlation between DHEA-S blood levels and global cognition was found in women and men. Other positive correlations between DHEA-S and working memory, attention and verbal fluency were found only in women. The DHEA effect on cognition is limited to one study conducted among young men with high-doses.
INTRODUCTION
Dehydroepiandrosterone (DHEA) and its sulfate (DHEA-S) are two active androgens mainly produced by the adrenal glands. DHEA is the main pro-hormone related to biosynthesis of testosterone and estrogen [1 -4] . Studies have shown that these hormones are not synthesized just by the gonads and adrenal glands of men and women [1, 2] . DHEA is also produced in brain regions, being recently considered a neurosteroid [3] . Although there is still debate on DHEA receptors in brain, these findings corroborate the evidence that DHEA is not just a pre-hormone from adrenals, but rather a hormone in its own right, and that it modulates a series of biological processes, with a remarkable tropism for the central nervous system [5] .
DHEA-S is a protective anabolic hormone with an important role in maintaining and restoring the human organism. It is known for its antioxidant activity and ability to help in neuronal preservation. DHEA-S is originated in the zona reticularis area of the adrenal cortex in response to adrenocorticotropic hormone (ACTH). As DHEA, has a higher production between 25 and 35 years old and then gradually decrease over time [6, 7] . Sex difference in DHEA-S levels remains unclear, while most studies reported higher levels in men than in women, others studies did not found differences [7 -9] .
The effects of DHEA and DHEA-S on cognitive functions have been targeted in all fields [10 -12] . In a study that assessed the relationship between sex hormones and cognition, it was found that DHEA-S is positively associated with 
Correlations in Both Genders Samples
In a cross-sectional evaluation of healthy elderly subjects (n=313; women, mean age, 77.3±6.4 years; men, mean age, 76.7±5.4 years), the Mini-Mental State Examination (MMSE) was presented and blood samples were collected. The results showed that DHEA had a negative correlation with cognitive function in women (b=-.79, p=.03) [5] .
Two articles from the same research group using the same sample and battery of tests showed: In the first study, 967 elderly Taiwanese were evaluated and blood and urine samples were collected. DHEA-S was positively associated with cognitive function in women [27] . In the second study, these authors compared the results of previous evaluations from the same sample in 836 elderly patients. This time, a positive correlation was found between DHEA-S and cognitive function in 86% of the male sample (r= -0.0016, p <0.001) [28] . Corroborating this last finding, in a study among older elderly Japanese adults (n=208) assessed by the Hasegawa Dementia Scale -Revised, blood levels of DHEA-S were associated with better cognitive function in men [29] .
Another study, published into two papers, evaluated 86 elderly people using an extended neuropsychological battery. Both transversal and longitudinal assessments did not show any correlations between hormones and cognition [30, 31] . Similarly, another study using elderly subjects (n=145) failed to find any correlation between hormonal levels and MMSE scores [32] .
Correlations in Male Samples
A cross-sectional study of elderly African men (n=124), using the multiple linear regression model, found that higher levels of DHEA-S, measured from blood samples, were associated with higher scores of MMSE (b=.098; p=.008) [9] . The other study evaluated 883 men for a period of 31 years period. DHEA-S blood levels were measured, and neuropsychological assessments were performed every two years. The comparison between the first and the last assessments found no statistically significant associations between DHEA-S levels and cognition [10] .
Correlations in Female Samples
A cross-sectional study of DHEA-S using MMSE compared healthy elderly women (n=103) with a control group of healthy young women (n=25). Significantly (p<0.01) lower concentrations of DHEA-S were observed in women with lower MMSE scores compared to those with higher MMSE scores [33] . Another study aimed to evaluate the association between the decline of blood levels of DHEA-S and cognitive functions over the years. Elderly women (n=394) were assessed using the MMSE and neuropsychological tests at baseline and 4-6 years later. No associations were found between the cognitive performance and DHEA-S [11] . Similarly, a study assessing transversal and longitudinal global cognition in 218 Australian post-menopausal women through a composite derived from standardized scores of 17 individual test scores, found no significant relations between levels of DHEA-S and cognitive function [34] .
Intervention Studies
In the first paper, MMSE was used for evaluation and 1 mg of dexamethasone was administered for 1 year and 9 months to elderly men and women (n=189). DHEA-S blood levels were measured before and after this medication and no statistically significant relationships were found between the hormone levels and cognitive impairment [33] . The longitudinal study, in which only postmenopausal women (n=20) received DHEA supplementation (25 mg) for 6 months, showed different results. A battery of tests was administered at the beginning (T1) and at the end (T2) of the treatment period. DHEA, DHEA-S and cortisol levels from blood samples were also measured. DHEA-S and the cortisol/DHEA ratios appeared to be negatively correlated with cognition before and after supplementation [36] .
Although some studies have shown a positive correlation between DHEA and cognition, others have shown negative correlations, indicating that these relations are not yet clear. Two cross-sectional studies revealed a positive correlation between the DHEA-S levels and global cognition in women, whereby the first study used a battery of neuropsychological tests [27] and the second study used MMSE [33] . The cross-sectional study using MMSE showed a negative correlation between DHEA and cognition in women [5] . In the male population, 3 studies showed a positive correlation with DHEA-S among older men [9, 28, 29] . Seven studies failed to observe any connection between hormonal levels and cognition [10, 11, 30 -32, 34, 35] and one identified negative correlations in women [36] .
Memory
Memory is a function that gives meaning to time, maintains one's identity and ensures learning [23] . The complex process of memory requires a number of successive stages and it cannot be construed as a solitary system. Memory can be divided into working memory, declarative memory, procedural memory, short-term memory, long-term memory, and others [37, 38] . In this sample, 11 articles included have addressed memory. Four articles focusing on the endogenous levels of DHEA or DHEA-S and 7 articles are on DHEA supplementation.
Correlations in Both Genders Samples
The first cross-sectional study, using a sample of healthy elderly adults (n=313) assessed by memory components of the MMSE, showed that episodic declarative memory was negatively correlated with DHEA blood levels in women [5] . Another cross-sectional study, only with women (n=295 between the ages of 21 and 77 years), suggested a positive relationship between DHEA-S levels and working memory [39] .
Correlations in Male Samples
One study was performed in 25 elderly men to assess long-term verbal memory. No correlation was found with DHEA-S blood levels in men [40] . Similarly, a survey of 981 elderly men showed no correlation between DHEA-S or DHEA blood levels and working memory [12] .
Intervention Studies
Three of these studies were conducted using only male subjects. The first study evaluated 46 men. They received 50 mg DHEA daily for 13 weeks followed by placebo for 13 weeks, or the reverse. Salivary cortisol and DHEA levels were measured and cognition was assessed using Word List Memory and Object Location Memory. No significant effects of DHEA were observed in any of the trial outcomes, providing no support for benefits of DHEA supplementation for episodic declarative memory, despite the significant increase of DHEA levels after treatment [41] . Similarly, 17 elderly men on placebo or DHEA (50 mg/day) for 2 weeks (double blind) did not enhance their declarative and visual memory [42] . However, the last study showed that DHEA supplementation can influence on memory aspects. The sample composed of young men (n=24) had the episodic memory assessed after daily DHEA supplementation (300 mg for 7 days). Significant effects when compared to the placebo group were found [43] .
Studies comprising only of women showed different results. The first study, conducted among postmenopausal women (n=6), demonstrated that DHEA supplementation influenced memory. This sample was treated with 50 mg of DHEA daily for 4 weeks and showed negative effects of androgens on recognition memory. Recognition memory was observed to be negatively correlated to the level of ANDRO factor [44] . The second longitudinal study, using a daily dose of 50 mg of DHEA for 4 weeks, did not lead to short-term memory improvements in postmenopausal women (n=48) [45] .
Two other studies comprised of men and women. Divided into control and treatment groups, 111 men and 118 women (mean age 68.7±7.9) received 50 mg of DHEA or placebo for one year. These groups were assessed using the Word List Memory and Word List Recall tests. No difference was found between groups in terms of changes in declarative memory [46] . Another study with 40 elderly men and women also found no effect on memory after DHEA supplementation [47] .
Results regarding memory demonstrated a correlation between working memory and DHEA-S in women in just one cross-sectional study [39] . One longitudinal study, which focused on DHEA supplementation, demonstrated a negative correlation between DHEA and recognition memory in women [44] , whereas other studies failed to demonstrate the effects of hormonal supplementation on working memory and episodic declarative memory [45 -47] . In men, the majority of studies showed no relationship between DHEA or DHEA-S and all types of memory functions [5, 12, 40 -42, 46, 47] . The only study that demonstrated a correlation between DHEA and memory was a longitudinal study, which used a higher DHEA dose supplementation (300 mg for 7 days) in young males [43] . All other studies that failed to demonstrate effects were conducted with a 50 mg daily dose [41, 42, 44 -47] .
Attention
Among the articles included in this review, 4 articles evaluated attention. Attention is a cognitive function defined as the ability to target and select information, inside and outside of the body, to maintain vigilance and organize behavior and mental processes [37, 38] . It is also defined as the direction of consciousness or a state of mental concentration about a specific object [49] . Attention is considered a multifaceted system and some authors subdivide it in focused attention; selective attention; response selection and executive control; and sustained attention [22, 38, 49] .
Correlations in Female Samples
One cross-sectional study that assessed attention in women (n=295; age range, 21-77 years) found that DHEA-S blood levels are positively correlated with attention [39] . Another cross-sectional study conducted in elderly men (n=981) showed no correlations with DHEA or DHEA-S [12] .
Intervention Studies
A longitudinal study of postmenopausal women (n=6) identified a negative relationship between the variable ANDROfactor and attention [44] . The longitudinal study conducted on 40 elderly subjects from both genders found no significant effect of 50 mg DHEA for two weeks on attention [47] .
Again, a positive correlation was found only in a cross-sectional study with women [39] ,but not in the crosssectional study with men [12] . Longitudinal studies with DHEA replacement showed no effects on either men and women [47] or even a negative relationship between androgens and attention [44] .
Executive Function
Executive function is a set of skills that allows individuals to perform and control operations and to regulate information in the brain. Executive function can be divided into working memory, planning, problem solving, decision making, inhibitory control, fluency, cognitive flexibility, categorization, and others [23, 38] . The assessment of executive function was performed in 3 studies; one study reporting endogenous levels and 2 studies reporting DHEA supplementation.
Correlations in Female Samples
The cross-sectional study of a sample of 295 women (age range, 21-77 years) used the Controlled Oral Word Association Test (FAS) to assess verbal fluency, which is an executive function. Higher DHEA-S blood levels corresponded with higher FAS scores, indicating a positive correlation between verbal fluency and DHEA-S [39] .
Intervention Studies
Two longitudinal studies [46, 47] with mixed populations did not find any relationship between DHEA supplementation and an improvement of the executive functions. In the first study, 110 men and 115 women (mean age, 68.7±7.9 years) were divided into treatment and placebo groups. The treatment group received 50 mg of DHEA for one year [46] . In the second study, 25 elderly men and 15 elderly women received two weeks of 50 mg of DHEA. Analyses showed no significant correlations [47] .
The types of executive function studied in the articles were verbal fluency, categorization and cognitive flexibility. As observed in other cognitive functions, the cross-sectional study showed a correlation between DHEA-S and verbal fluency in women [39] , whereas the two longitudinal studies, showed no improvement on categorization or cognitive flexibility with DHEA administration [46, 47] .
Intelligence
Intelligence is a broad and widely used concept, but so far there is no definitive concept about it. However, we can define it as the ability to identify and solve new problems and find the best possible solution, it is the outcome of the individual's intellectual skills [49] , but not includes only skills and abilities, and also includes how the brain works to process the information it receives [38] . Two studies investigated the relationship between DHEA, DHEA-S and intelligence, measuring the endogenous levels of hormones [40, 48] .
The first study was conducted in 25 elderly men and evaluated crystallized intelligence, which is not sensitive to aging, and fluid intelligence, which is sensitive to aging. The results showed that DHEA-S blood levels were neither correlated with crystallized intelligence nor with fluid intelligence [40] . The other study was conducted in children (n=60 boys and 69 girls; mean age=5 years 11 months) using the Kaufman Brief Intelligence Test and a negative correlation was found (r = −0.121, P < 0.05.) [42] .
Perception and Visuospatial Ability
Perception is a complex and active process in which one examines and formulates a hypothesis about the present [37] . The perception can also be described as the awareness of sensory stimuli, external objects or facts of different complexity degrees [49] . Visuospatial ability is a broad construct and involves the ability to produce, record, recall and work with images and visual sensations via global processing [50] . Some of the specific skills involved in visuospatial ability are: visualization, spatial relationships, closing speed, closing flexibility, visual memory and spatial rummage [51] .
One study was found for each of these cognitive functions. For the first function, a longitudinal study conducted among postmenopausal women (n=6) assessed the relationship between visual perception and DHEA after treatment with 50 mg of DHEA daily for 4 weeks. The results of the Perceptual Identification Test showed that androgen hormones were negatively correlated with perception (r=-.28) [44] . The second study, a cross-sectional one, explored visuospatial ability and the endogenous levels of DHEA and DHEA-S. It was conducted in older adults (n=981; mean age, 62.66 years) using the Relation Figural Test. Results showed no relationship between visuospatial ability and blood levels of DHEA-S or DHEA [12] • Adults and Elderly • Set of tests • Male and Female [22] ( • Elderly • Set of tests • Male population [9] Glei et al (2004) • Aldults and Elderly • Set of tests • Female population [37] Nierkerk et al • Visual search A higher morning cortisol/DHEA ratio was also associated with lower visuo-spatial memory performance. But no significant effects of DHEA treatment were observed on any of the trial outcomes.
• Adults and Elderly • Set of tests • Male population [34] ( • Elderly • Set of tests • Male population [33] Moffat et al (2000) Decline in endogenous DHEAS concentration is independent of cognitive status and cognitive decline in healthy aging men.
• Young, Adults and Elderly • Set of tests • Male population [7] Carlson and Sherwin (1999) • Small population
• Elderly • Set of tests • Male and Female population [40] Legend: DP -Depressed Pacients; C -Controls; PMW -Postmenopausal women; EFD -Eldery with Functional Decline; E -Eldery; M-Men; WWomen; EHW -Eldery Healthy Women; YM -Young Men; EHM -Eldery Healthy Men; P -Placebo; DT -DHEA Treatment; *unspecified.
DISCUSSION
To discuss the relationship between DHEA, DHEA-S and cognitive function in populations of regular development, it is important to analyze all methodologic differences observed. Methodology design will be discussed in three levels: (1) type of study (with endogenous or exogenous hormones); (2) populations characteristics; (3) instruments used.
Regarding the type of study, some studies focused on endogenous levels whereas others focused on DHEA supplementation. No other review compiled studies with endogenous levels. In this review it was observed that studies that focused on endogenous DHEA-S levels showed a positive correlation with global cognition in women and men and a positive correlation with working memory, attention and verbal fluency (executive function) in women [9, 27 -29, 33, 39] .
We speculate that the neuropsychiatric and cognitive effects of DHEA and DHEA-S are modulated by ɣ-aminobutyric acid-A receptor antagonistic effects, N-Methyl-D-aspartic acid and σ-receptor potentiation effects. These hormones increases regional serotonin and dopamine activity in the brain, hippocampal primed burst potentiation and cholinergic function, anti glucocorticoid activity, inhibition of production of proinflammatory factors and bioavailability of insulin-like growth factor I [17 -20, 52, 53] . These findings can bring greater evidence for the repercussion of DHEA-S in global cognition, working memory, attention and verbal fluency verified in this review.
However, studies with DHEA replacement failed to improve such cognitive functions [35, 41, 42, 45, 47] or even worsened their performance (negatively correlated) [36, 44] . This finding corroborates other reviews about DHEA replacement. There were four previous reviews on DHEA supplementation [54 -57] . They showed that DHEA supplementation does not affect cognition in unimpaired people. In this review, just one of the longitudinal study with DHEA supplementation showed a positive influence on memory. However, this study comprised of young male population and a 300 mg dosage for supplementation [43] , whereas other studies cited in this present review and studies cited in the previous reviews focused on elderly people using a 25 mg or a 50 mg dosage. This comparison highlights the necessity of using higher doses to achieve positive effects on cognition. However, the safety of this treatment is controversial and the risk of side effects may increase at higher doses [16, 57] , although it is noteworthy that the side effects associated with DHEA use are described by literature as mild [6] .
The second category of analyses clarifies additional data. Studies' designs were different in many points, such as age and the number of subjects. In the only study that proved the influence of DHEA supplementation on memory [43] , the population comprised of young men. DHEA and DHEA-S concentrations peak at approximately 20 years-old and decay over time [4 -6, 9 -12, 15] ; thus, young men have higher endogenous levels of these hormones before treatment. The other studies that did not demonstrate differences in global cognition after DHEA supplementation were all conducted on with elderly people. This finding also corroborates a previously study [56] which suggested that age related changes of human DHEA metabolic pathways may contribute to the relative inefficacy of DHEA replacement therapy.
In another article [10] , a cross-sectional study showed no relationship between cognition and DHEA-S in both genders. Participants' ages ranged from 22 years to 91 years and this variation might have affected the outcome because of the differences in hormone levels in the young and elderly. This factor can explain why this finding contradicts other cross-sectional studies that demonstrate a positive correlation between DHEA-S and global cognition in both gender and memory in women.
An analysis of the characteristic of the sample in articles that did not show any correlation between endogenous hormone levels and global cognition included those with a mixed population (men and women) [30 -32] .
Regarding these differences observed in these studies, it is important to discuss gender differences in the effects of DHEA and its sulfate on memory, attention and executive function. Results that showed higher influences on memory, attention and executive function were all studies constituted of elderly women. Several authors explained this difference based on the dynamics of aging and metabolism in men and women: men have a higher exposure to gonadal hormones, which may have physical, mental and emotional implications [5] . DHEA, despite being the primary pro-hormone, is still present in lower levels in women [4] . In menopause, DHEA becomes the primary source of sex hormones in women; however, at this period, DHEA levels have declined by approximately 60%. In postmenopausal women, these levels may become undetectable in several cases. Because no other significant source of those hormones is available after menopause, low DHEA levels are associated with the majority of medical problems observed in postmenopausal women. In men, DHEA levels reach only 40% between the ages of 65 years and 75 years, and men continue to receive a nearly constant supplementation of sex hormones from the testis throughout life, which can minimize the consequences of the DHEA deficit [58 -61] . These findings call the attention for the longer exposure and higher concentrations to these hormones in men, which may explain the differences between genders in this review.
Other methodological factors that may contribute to the discrepancy are the different assessment materials. Different tests were used to evaluate memory, for example, some of them assessing just working memory [12, 39] or immediate auditory memory [5, 40, 45, 46] , visual memory [43] , recognition memory [44] . Others used a set of tests to evaluate memory as a whole [41, 42, 47] . Maybe because of these methodological discrepancies, it was possible to observe the influence of DHEA-S just in women's working memory.
Even across studies that used the same test, results can be biased due to the sensitivity of the test. In category Global Cognition, six articles evaluated global cognitive function using the MMSE [5, 9, 11, 32, 33, 35] , which is a screening test that may not detect mild manifestations of cognitive dysfunction. Screening tests are widely used but are less sensitive to mild impairment [21] . Of these studies, four [11, 30, 32, 35] did not demonstrate any correlation between DHEA-S and memory. It could have happened because the tests were not sensitive enough to memory dysfunctions.
CONCLUSION
The analysis of the studies' design clarified data and showed a positive correlation between DHEA-S and global cognition in women and men, and positive correlations with working memory, attention and verbal fluency in women only. Studies with DHEA supplementation did not improve cognitive functions or worsened the performance of such functions. The only study in which DHEA supplementation was successful was conducted among young men and with higher doses of DHEA (300 mg). The use of higher doses in elderly populations should be considered in future studies because of the age-related changes in DHEA metabolism. Therefore, before the use of DHEA supplementation for cognition in clinical practice, more studies are necessary to ensure the safety of the procedure.
